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VIBRATIONAL  RELAXATION  AND  ELECTRONIC  QUENCHING-RATE 
COEFFICIENTS  FOR  BiF  (AO+,  v’)  BY  SF6 

Renewed  interest  in  bismuth  monof luour ide  (BiF)  has  been  created  by 
the  observation  of  its  blue  A  -►  X  emission  in  flow-tube  experiments 
concerning  energy  transfer  between  NF(a1D)  and  Bi(^S).  This  result 
generated  interest  in  the  potential  for  BiF(A)  to  act  as  the  lasing  species 
in  a  chemically  driven  electronic-transfer  laser  based  on  the  efficient  H  + 
NF2  ■*  NF(a)  +  HF  reaction.  More  recently,  the  rate  coefficients  for 
spontaneous  emission,  electronic  quenching,  and  vibrational  relaxation 
(V-T)  for  the  A-state  have  been  measured  in  Ar  and  He  by  means  of 
laser-induced  fluorescence  (LIF)  of  BiF  generated  in  a  Broida  oven.^ 

Similar  measurements  were  also  made  in  the  presence  of  SF^,  but  the 
resulting  data  were  not  reproducible.  It  was  thought  that  the  unreliable 
nature  of  that  experiment  was  due  to  the  catalytic  decomposition  of  SF^  on 
the  hot  surfaces  of  the  oven  as  a  result  of  the  method  used  to  introduce 
the  quenching  gas.  This  assumption  was  born  out  by  the  presence  of 
elemental  sulfur  on  the  walls  of  the  cell.  The  experimental  apparatus  has 
been  modified  to  isolate  the  gas-mixing  region  from  the  hot  oven 
containment  region.  The  modified  design  has  enabled  us  to  obtain 
consistent  and  reproducible  results.  We  report  here  the  rate  coefficients 
for  the  electronic  quenching  and  vibrational  relaxation  of  BiF  (A,  v'  = 

0, 1,2,3)  by  SF6  at  =450  K. 

2 

Details  of  the  experimental  arrangement  have  appeared  previously. 

The  Broida  oven/LIF  cell  has  been  modified  so  that  the  metal-vapor 
generator  is  physically  isolated  from  the  mixing  and  observation  region  of 
the  cell  by  a  stainless-steel  bulkhead.  Figure  I  is  a  schematic  diagram  of 
the  apparatus.  An  alumina  crucible  containing  Bi  metal  is  supported  by  a  W 
coil  that  is  resistively  heated  to  =1000  K.  A  flow  of  Ar  is  used  to  sweep 
the  metal  vapor  from  above  the  hot  crucible.  A  dilute  concentration  of 
(10*  in  He)  is  introduced  by  means  of  an  annular  injector  into  the 
entrained  Bi  flow,  which  exits  the  oven  section  through  a  stainless-steel 
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QUENCHER/REACTANT 


(Ar)  (F2/Hc) 


Diagram  of  the  Modified  Broida  Oven/LIF  Cell 


stack  extending  2  cm  beyond  the  bulkhead.  The  quenching  gases  are 
introduced  immediately  above  the  bulkhead  by  means  of  a  quartz-ring 
injector.  Gas  flow  rates  are  measured  by  mass  flow  meters.  The  cell 
pressure  is  monitored  by  a  capacitance  manometer.  The  entire  mixing  region 
is  enclosed  in  a  quartz  shroud  that  has  ports  to  pass  the  laser  beam  and  to 
allow  observation  of  the  LIF.  The  shroud  can  be  resistively  heated  to 
maintain  temperatures  in  the  flow  of  up  to  200°C.  Temperatures  are 
determined  by  thermocouples. 

An  excimer-pumped  dye  laser  tuned  to  the  bandhead  of  the  (1,0) 
transition  at  429.6  nm  is  used  to  create  the  initial  BiF(A,  v '  =  1 ) 
population.  This  population  Is  then  redistributed  among  adjacent 
vibrational  levels  of  the  A-state  manifold  by  collisions  with  SF^.  The 
time-resolved  fluorescence  from  v'  =  0,  1,  2,  and  3  is  collected  through 
appropriate  narrowband  filters  (1  nm  FWHM)  by  a  photomultiplier  and  is 
recorded  via  a  100-MHz  transient  digitizer. 

In  order  for  the  time  dependence  of  the  system  to  be  extracted,  the 
data  from  each  vibrational  level  for  a  given  set  of  experimental  conditions 
must  be  proportional  to  the  relative  population  of  that  level.  This  is 
accomplished  by  scaling  each  fluorescence  trace  according  to  (  1 )  the 
fractional  transmission  of  each  band  through  its  corresponding  filter,  (2) 
the  Franck-Condon  factor  for  the  transition,  and  (3)  the  responsivity  of 
the  photomultiplier  as  a  function  of  wavelength  and  cathode  voltage.  The 
resulting  internally  consistent  data  set  is  then  fit  by  a  four-level, 
finite-difference  routine  that  requires  best  guesses  of  the  rate 
coefficients  as  input.  The  coefficient  of  the  reverse 

vibrational-relaxation  rate  is  calculated  by  detailed  balance;  the  fitting 
routine  is  performed  iteratively  until  a  single  set  of  coeff ic ients, 
capable  of  fitting  data  taken  under  a  variety  of  experimental  conditions, 
is  obtained.  Figures  2(a)  and  (b)  show  data  taken  at  two  different  total 
pressures  and  SFg/Ar  ratios,  as  well  as  the  corresponding  data  fits. 

Our  results  are  given  in  Table  1.  Previously  obtained  rate 
coefficients  for  He  and  Ar  are  included  for  comparison.  The  error  inherent 
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INTENSITY  (arbitrary  units)  INTENSITY  (arbitrary  units) 


TIME  (nsec) 


Fig.  2.  Fluorescence  Time  Histories  from  BiF  (A,  v  = 

0,1, 2, 3)  and  Their  Corresponding  Fits  at  (a)  a 
Total  Pressure  of  9.69  Torr  and  a  SF^/Ar  Ratio  of 
1.2  and  (b)  12.0  Torr  and  a  SF^/Ar  Ratio  of  5.4 


in  our  method  of  obtaining  the  rate  constants  is  most  apparent  in  the 
discrepancy  between  the  data  and  the  fit  for  v ’  -  1 .  To  test  the  data  and 
our  method  of  normalizing  them  to  relative  intensities,  we  suitmed  the 
scaled  data  from  all  four  levels  of  a  set.  The  resulting  trace  was  fit  to 
a  single  exponential  that  decayed  according  to  the  radiative  lifetime  of 
BiF(A),  indicating  the  consistency  of  the  data  and  our  normalizing 
procedure.  On  the  basis  of  the  variation  between  the  best  fits  for 
individual  data  sets,  we  estimate  our  experimental  error  to  be  about  -50%. 

In  our  previous  experiments  we  reported  V-T  rate  coefficients  for  He 
and  Ar  that  scaled  as  v  '  for  v*  =  1-3.  The  rate  coefficients  for 
vibrational  relaxation  with  SF^  do  not  demonstrate  a  simple  v’  dependence, 
as  they  scale  approximately  as  v*  for  k^0  and  k,,^  but  increase  by  over  a 
factor  of  20  for  k^^-  This  dramatic  increase  in  the  efficiency  of 
vibrational  transfer  may  reflect  an  increased  contribution  of  V-V  processes 
to  the  overall  thermal izat ion  of  the  A-state  vibrational  manifold.  The 
vibrational  energy  separation  of  BiF(A)  approaches  resonance  with 
the  mode  of  SFg  for  higher  v1  ( AEy^  2  =  363  cm-1  vs.  344  cm-1  for  v^). 

It  should  also  be  noted  that  the  coefficients  quoted  for  electronic 
quenching  represent  upper  limits  of  the  actual  values.  At  the  pressures 
obtainable  in  this  experiment,  radiative  decay  is  the  dominant  removal 
process  for  the  A-state.  As  a  result,  the  model  used  to  fit  the  data  was 
insensitive  to  coefficients  smaller  than  those  stated. 

The  influence  of  SF^  on  BiF  A-state  kinetics  is  of  interest  because  of 
its  impact  on  issues  concerning  scaling  to  an  actual  laser  device  based  on 

il  ft 

the  H2  +  NF2  chain  reaction.  Of  particular  importance  to  the  NF  /BiF 
system  is  the  ability  to  moderate  the  reaction  thermally.  This  is 
necessary  in  order  that  gas  mixtures  of  sufficiently  high  reactant 
densities  may  be  used  without  deflagration  following  photoinitiation.  With 
its  large  number  of  internal  states  and  correspondingly  high  heat  capacity, 
SF^  is  an  ideal  bath  gas.  The  results  reported  here  indicate  that  it  also 
efficiently  relaxes  the  higher  vibrational  levels  while  also  being,  in 
relation  to  its  radiative  lifetime,  a  slow  electronic  quencher  of  BiF(A). 


8 


REFERENCES 


1.  J.  M.  Herbelin  and  R.  A.  Klingberg,  Int.  J.  Chem 
( 1984 ) . 

2.  R.  F.  Heidner  III,  H.  Helvajian,  J.  S.  Holloway, 
Chem.  Phys.  84,  2137  (1986). 

3.  C.  R.  Jones  and  H.  P.  Broida,  J.  Chem.  Phys.  60, 

4.  J.  B.  Koffend,  C.  E.  Gardner,  and  R.  F.  Heidner 
83,  2904  (1985)  and  references  therein. 


Kinet.  h6,  849 

and  J.  B.  Koffend, 

4369  (1974). 

II ,  J.  Chem.  Phys. 


9 


LABORATORY  OPERATIONS 


The  Aerospace  Corporation  functions  as  an  "architect-engineer"  for 
national  security  projects,  specializing  in  advanced  military  space  systems. 
Providing  research  support,  the  corporation's  Laboratory  Operations  conducts 
experimental  and  theoretical  investigations  that  focus  on  the  application  of 
scientific  and  technical  advances  to  such  systems.  Vital  to  the  success  of 
these  Investigations  is  the  technical  staff's  wide-ranging  expertise  and  its 
ability  to  stay  current  with  new  developments.  This  expertise  is  enhanced  by 
a  research  program  aimed  at  dealing  with  the  many  problems  associated  with 
rapidly  evolving  space  systems.  Contributing  their  capabilities  to  the 
research  effort  are  these  individual  laboratories: 

Aerophysics  Laboratory:  Launch  vehicle  and  reentry  fluid  mechanics,  heat 
transfer  and  flight  dynamic j;  chemical  and  electric  propulsion,  propellant 
chemistry,  chemical  dynamics,  environmental  chemistry,  trace  detection; 
spacecraft  structural  mechanics,  contamination,  thermal  and  structural 
control;  high  temperature  thermomechanics,  gas  kinetics  and  radiation;  cw  and 
pulsed  chemical  and  exclmer  laser  development  including  chemical  kinetics, 
spectroscopy ,  optical  resonators,  beam  control,  atmospheric  propagation,  laser 
effects  and  countermeasures. 

Chemistry  and  Physics  Laboratory:  Atmospheric  chemical  reactions, 
atmospheric  optics,  light  scattering,  state-specific  chemical  reactions  and 
radiative  signatures  of  missile  plumes,  sensor  out -of -f ield-of  -view  rejection, 
applied  laser  spectroscopy,  laser  chemistry,  laser  optoelectronics,  solar  cell 
physics,  bsttery  electrochemistry,  space  vacuum  and  radiation  effects  on 
materials,  lubrication  and  surface  phenomena,  thermionic  emission,  photo¬ 
sensitive  materials  and  detectors,  atomic  frequency  standards,  and 
environmental  chemistry. 

Computer  Science  Laboratory:  Program  verif icatlon,  program  translation, 
performance-sensitive  system  design,  distributed  architectures  for  spaceborne 
computers,  fault-tolerant  computer  systems,  artificial  Intelligence,  micro¬ 
electronics  applications,  communication  protocols,  and  computer  security. 

Electronics  Research  Laboratory:  Microelectronics,  solid-state  device 
physics,  compound  semiconductors r  radiation  hardening;  electro-optics,  quantum 
electronics,  solid-state  lasers,  optical  propagation  and  communications; 
microwave  semiconductor  devices,  microwave/millimeter  wave  measurements, 
diagnostics  and  radlometry,  microwave/millimeter  wave  thermionic  devices; 
atomic  time  and  frequency  standards;  antennas,  rf  systems,  electromagnetic 
propagation  phenomena,  space  communication  systems. 

Materials  Sciences  Laboratory:  Development  of  new  materials:  metals, 
alloys,  ceramics,  polymers  and  their  composites,  and  new  forms  of  carbon;  non¬ 
destructive  evaluation,  component  failure  analysis  and  reliability;  fracture 
mechanics  and  stress  corrosion;  analysis  and  evaluation  of  materials  at 
cryogenic  and  elevated  temperatures  as  well  as  in  space  and  enemy-induced 
environments. 

Space  Sciences  Laboratory:  Magnetospheric,  auroral  and  cosmic  ray 
physics,  wave-particle  interactions,  magnetospheric  plasma  waves;  atmospheric 
and  ionospheric  physics,  density  and  composition  of  the  upper  atmosphere, 
remote  sensing  using  atmospheric  radiation;  solar  physics,  infrared  astronomy, 
infrared  signature  analysis;  effects  of  solar  activity,  magnetic  storms  and 
nuclear  explosions  on  the  earth’s  atmosphere,  ionosphere  and  magnetosphere; 
effects  of  electromagnetic  and  particulate  radiations  on  space  systems;  space 
instrumentation. 


